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Review of the Subject.—This paper is intended to assist 
crane designers and electrical engineers in mills and factories to 
select the proper size and kind of motor by mathematical calculation 
from given data, and refers particularly to the electric overhead 
traveling crane. The paper does not apply to heavy duty cranes 
which undergo regular duty cycles, nor to very small hoists such as 
the monorail hoist. It is hoped that at some future date someone 
else will write papers on these two kinds of cranes to supplement 
this paper. 

Cranes are classified here for purposes of reference within 
the paper. It is then shown how to calculate the power required 
of a motor for hoisting and how to select the particular kind of motor 
needed; the same information is given for bridge travel with par
ticular reference to the live loads or accelerating loads, and also 
for trolley travel. 

The paper discusses direct-current motors separately from al
ternating-current motors. The calculations for each are also given 
separately. 

This is the first of a series of papers covering the field of applica
tions of electrical equipment. This paper is on application of 
motors to cranes. One will follow by Mr. H. W. Eastwood on 
auxiliary electrical equipment such as magnetic friction brakes, 

IN the selection of electrical apparatus for crane 
drives, it is first necessary to consider the various 
classes of cranes. For reference later, these classes 

are enumerated below: 
Class 1. Stand-by or service cranes which are used 

in emergencies, and at rare intervals. A typical 
example is the power house crane which is used during 
installation and thereafter only when repairs are made. 
The apparatus on such a crane should be simple and 
should be worked to the limit of its capacity. The 
control should be very accurate for placing large 
machines even when used by unskilled operators, as 
this kind of crane is so rarely used that there is no 
regularly trained operator for it. 

Class 2. Machine-shop and foundry cranes, which 
are always in service and moderately busy. The ap
paratus on them should be simple but not worked so 
nearly to the limit of its capacity as in Class 1. There 
is always a regular operator in attendance and, there
fore, the control apparatus does not necessarily have 
to be so accurate as in Class 1. In this same class 
belong loading cranes which serve storage yards where 
infrequent movement of the stock occurs. 

Class 3. High-duty cranes such as are used for 
moving material in steel mills and for loading material 
into cars from storage yards where stock is frequently 
moved. On these cranes very strong apparatus is 
required, and complications are warranted to some 
extent in order to secure long life of the apparatus. 
All apparatus should be very conservatively rated. 
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overload protective panels, and limit switches. To complete the 
series it is planned to have the third paper on the subject of controller 
equipment. 

C O N T E N T S 
Classification of Cranes 

Class 1, Standby or Service Cranes. (75 w.) 
Class 2, Machine-Shop and Foundry Cranes. (75 w.) 
Class 3, High Duty Cranes. (50 w.) 
Class 3-A, Magnet Cranes. 
Class 4, Soaking Pit, Charging and Stripper Cranes. (30 w.) 
Class 5, Hot Metal Ladle Cranes. (50 w.) 

General Selection of Electrical Equipment. (25 w.) 
Calculation of Power for Hoisting. (800 w.) 
Selection of D-C. Hoist Motors. (500 w.) 
Example of Selection of D-C. Hoist Motor. (150 w.) 
Selection of D-C. Bridge Motors. (25 w.) 
Calculation of Power for Bridge Motors. (1600 w.) 
Selection of Trolley Motion D-C. Motors. (50 w.) 
Calculation of Power for Trolley Motors. (100 w.) 
Selection of A-C. Polyphase Hoist Motors. (800 w.) 
Use of Permanent Resistance in the Rotor Winding of Slip-Ring Motors. 

(425 w.) 
Calculation of Power for A-C. Crane Hoist Motors. (200 w.) 
Selection of A - C . Bridge Motion Motors. (30 w.) 
Calculation of Power for A-C. Bridge Motion Motors. (110 w.) 
Selection of A - C . Trolley Motors. (110 w.) 

Class 3A. Magnet Cranes. On these cranes the 
hoist motion must be especially chosen so as to stand 
two times normal load because sometimes two times 
normal load sticks to the magnet for an instant while 
it is separating bars from their neighbors. The bridge 
and trolley motions must be chosen for frequent round 
trips, probably 60 trips an hour. 

Class 4. Soaking pit, charging and stripper cranes. 
On these cranes fire-resisting insulation is required 
on motors, and apparatus should be designed to be 
mechanically strong, conservative in size and excep
tionally safe in operation. 

Class 5. Hot metal ladle cranes. These cranes 
should have fire-resisting insulation and should be 
extremely conservatively designed. 

This article will not discuss various small foundry 
jib cranes and others of this same kind which are oper
ated by a man on the floor rather than by an operator 
who rides with the crane. 

General Selection of Electrical Equipment. To assist 
in selecting the general type and arrangement of elec
trical equipment, Table I has been compiled, in which 
all the various features to be considered are pointed 
out. 

Calculation of Power for Hoisting. The horse power 
of the lifting motor depends upon the work done on 
the load, and the power absorbed in the resulting 
friction of the gearing, journals and pulleys. This 
quantity varies to some extent with the number of 
reductions and the type of gearing. The efficiency 
of a crane is generally lowest at the test, improving 
somewhat as the journals and teeth wear down^ 
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The efficiency of the first or motor reduction with well-
made machine-cut spur gears, running in an oil-bath, 
has been found by trial to be as high as 97 per cent, 
and may be taken at 95 per cent under ordinary prac
tical conditions. The average efficiency of one re
duction of cut spur gears, running dry, is 92 or 93 per 
cent, and of cast spur gears, running dry, 90 per cent. 
The loss due to journal friction is generally about 2 
per cent for each axle, when properly lubricated. The 
only other loss in efficiency of any importance is in the 
snatch block, if there is one fitted to the crane. This 
quantity is always reduced by using large pulleys and, 
preferably, small hardened pins, the pulleys being 
bushed with gun-metal, under which condition the 
efficiency works out to about 97 per cent. 

h . P . = 
W X s 

33,000 X e (1) 

where h. p. = horse power to hoist at full speed. 
(All starting resistance short-circuited) 

(2) 
W = weight of suspended load in pounds 

including tackles (3) 
S = speed of hook in feet per minute (4) 
e = n e c e s s a r y factor to allow for friction 

losses in the crane (5) 
The value of e varies from 0.25 on low-speed (10 ft. 

per minute) cranes which use worm gears, to 0.70 for 
high-speed (75 ft. per minute) cranes which use good 
cut gears. The over-all mechanical efficiency of a 
crane can be determined, if the number of reductions 
and the other particulars are known. Small high
speed cranes have a higher efficiency than larger ones, 
owing to there being less gearing; thus, in the case of a 
trolley lifting three tons on a single rope and having 
two reductions of machine-cut gearing, the first of 
which runs in oil, the over-all efficiency will be about: 

95 X 92 X 98 X 98 
100 = 84 per cent. 

As another example, take a 50-ton trolley having 
four reductions, the first three of which are machine-
cut, the motor reduction running in oil. Then the 
over-all efficiency will be about: 

95 X 93 X 93 X 90 X 984 X 97 
-i rvrv 

T = 

100 

5250 X h. p. 
r. p. m. 

= 66 per cent. 

(6) 

T = Torque on motor shaft required to 
hoist as in (1) expressed in pounds at 
one foot radius (7) 

r. p. m. = Speed of motor shaft in revolutions 
per minute with all resistance cut 
out of the circuit (8) 
(This corresponds to S in (4) ) 

Ti = T X e2 if no friction brake is used for 
lowering (9) 

where 
Ti = braking torque in pounds at one foot 

radius required to lower the weight 
W (10) 

The torque to hoist an empty hook or drive it down 
is about 5 to 30 per cent of the torque required to 
hoist maximum rated load of the crane. This is due 
entirely to crane friction. 

In addition to the work of hoisting (1) there is 
the work of accelerating. Most of this work, on cranes 
lifting at less than 150 ft. per min., is expended on 
the motor armature and brake wheel. An approxi
mate rule is to assume that the horse power input to 
accelerate an armature and brake wheel to full speed 
in one second is equal to the 30-minute horse power 
rating of the motor for alternating-current induction 
motors (11); and is equal to one-half the 30-minute 
horse power rating of the motor for series-wound 
direct-current motors (12). 

A more exact rule is to obtain from the motor manu
facturers the weight and radius of gyration of the 
armature. Then, horse power input to start = 

M X r. p. m. 2 

1,612,800 X t ( 1 3 ) 

where 
M is given in (19) 

r. p. m. = speed of motor shaft as in (8) 
t = seconds used in acceleration 

(usually not over 2 sec.) (16) 
Selection of D-C. Hoist Motors. The general re

quirements are that the motor shall be enclosed to 
protect its commutator from dirt, that it shall be as 
light and easy to start as is consistent with necessary 
mechanical strength, that it shall be accessible and its 
parts easily replaceable. The power requirements are 
for a large torque sustained for only a short time— 
therefore an especially designed motor for crane service 
is needed. It differs from a motor which is used for 
continuous drive in that it requires the mechanical 
strength of a large motor, the commutating capacity 
of a large motor, but needs to have only the active 
electrical material of a small motor. The smaller the 
active electrical material and the closer it can be located 
to the armature shaft, the better the motor, because 
of the lightness and small flywheel effect which are 
advantageous for a motor that starts frequently and 
quickly. 

Manufacturers of crane motors have given especial 
attention to the question of commutation either by 
using large brush area and narrow commutator bars 
with many windings or by using commutating poles. 

When required to meet the modern requirements of 
dynamic braking control, the motor must be stable and 
have good commutation when separately excited and 
when run at a high speed delivering about 50 per cent 
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of the rated torque; and it must show equally good 
commutation in either direction of rotation without 
shifting the brushes. 

It is advantageous for these motors to have split 
frames, easily accessible connection cables and brushes, 
so that the motor can be readily dismantled and re
paired in a small cramped space in the quickest possible 
time. 

To select the proper size of motor for crane hoist, 
determine (a) the maximum horse power to be delivered 
by the motor, and (b) the usual horse power. The 
horse power value obtained by adding h. p. (1) for a 
maximum load to h. p. (13) (or, for approximate results 
to h. p. (11) or (12) X should always be less than the 
motor's commutating limits. This may be the five-
minute rating of the motor if commutating poles are 
used. By formula (1) the horse power delivered under 
usual operating conditions should be determined. 
This usual value of horse power determines the ordi
nary rating of the motor and it should be: 

For Class 1 cranes, the 15-minute rating of the motor. 
For Class 2 cranes, the 15- or 30-minute rating of 

the motor. 
For Class 3 cranes, the 60- or 90-minute rating of the 

motor. 
For Class 3A cranes, the 90-minute rating of the 

motor (because of the uncertainty of the load when the 
magnet attracts too large a piece). 

For Class 4 cranes, the 60- or 90-minute rating of the 
motor. 

For Class 5 cranes, the 30-minute rating of the motor. 
On large cranes of Class 5, it is customary to use two 

hoist motors, each of which alone can hoist the total 
load without exceeding its commutating limits. This 
excess capacity is warranted on account of the great 
value of the metal and the necessity of hoisting the 
load even if one motor is broken down. 

Example of Selection of Direct-Current Hoist Motors. 
Take a crane which usually hoists 10,000 (W) lb. at 
20 (S) feet per minute and which has gear efficiency 
(e) of 0.55. Take the extreme load to be 15,000 lb. 
Substitute in (1). 

h.p . = 
10,000 X 20 

33,000 X 0.55 = 11 h. p. to hoist usual load. 

Let t in (16) be 2 seconds 

Then h. p. (12) = 
11 

2 X 2 = 2.75. 

When the motor has to hoist 15,000 lb. occasionally 
this will require approximately 

15,000 
10,000 X 11 = 16.5 h .p . 

Therefore, the usual horse power required will be 
11 and on extreme loads (16.5 + 2.75 = 19.25). 
Choose a motor which will start at 19.25 h. p. and 

whose 15-, 30-, 60- or 90-minute rating, according to 
class of crane, is 11 h. p. 

Approximate Rule. An approximate rule is as 
follows: 

Tons to be hoisted X ft. per min. 
10 

= 30-min. rating of motor. 
Selection of D-C. Bridge Motors. The general 

characteristics of these motors should be the same 
as those described for hoist motors. They should be 
series wound, totally enclosed and have good commuta
ting characteristics, etc. 

Calculation of Power for Bridge Motors. Rolling 
friction is caused by axle friction and wheel friction. 
With good lubrication, axle friction in pounds 

_ 0.10 X (axle radius in inches) X (load in pounds) 
Radius of wheel in inches 

With good track, wheel friction in pounds 

0.002 X (load in pounds) 

~~ Radius of wheel in inches 

The cross shaft runs in several bearings and its 
efficiency may be around 95 per cent. 

The efficiencies of the gears will be as defined above 
for hoist motions. 

The work done by the bridge motor consists of three 
parts; first, overcoming track resistance and journal 
friction—sometimes, together, called rolling friction; 
second, accelerating the crane with load; third, 
accelerating the motor armature and brake wheel. 
The first and second items of work above are done 
through a train of gears and involve gear losses. In 
the majority of busy cranes, the rolling friction is a 
small part of the total work and acceleration is the 
main work. Usually a draw-bar pull of from 20 to 30 
lb. per ton will move a well made crane along a good 
level track. A new stiff crane or a poor track may 
require 50 or 60 lb. per ton. Acceleration of the crane 
and armature may require anywhere from 50 to 300 
lb. per ton draw-bar pull, depending on circumstances. 

Actual tests show that rolling friction may, for 
different cranes and tracks, vary anywhere from 5 to 
50 pounds per ton. However, when a building sags, 
the draw-bar pull to move a crane may be almost any 
value and there is no use of trying to calculate it. 
Let C = Weight of crane without load in pounds (17) 

W = Weight of suspended load in pounds (includ
ing tackle) (3) 

N = Revolutions of motor armature which cor
respond to one foot travel of the bridge 
along the track (18) 

in other words N = 
r. p . m. of motor 
f. p. m. of crane 
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M = The effective weight of the armature and 
brake wheel plus an allowance of 5 per 
cent for gears, expressed in pounds at one 
foot radius on the armature shaft, i. e. 
the flywheel effect (19) 

Efficiency of gearing expressed in per cent 
e = 100 

(20) 

D = Rolling friction in pounds per ton (21) 
V = Free running speed in feet per minute when 

fully loaded crane is completely accelerated 
(22) 

The easiest way to choose the proper motor is to cut 
and try. Gear ratio is of vital importance and must be 
selected to conform to the speed-torque characteristics 
of the motor. 

First determine: 
Horse power to propel loaded crane 

v x f l x 
c + w 

2000 
33,000 X e 

(23) 

As a first trial select a motor whose 30-minute 
rating is about 30 to 50 per cent above horse power in 
(23). Determine from the motor manufacturer's 
speed-horse-power curve the speed of the motor when 
delivering horse power in (23). Then determine N 
in (18). 

Next determine whether the assumed motor with the 
assumed gear ratio can accelerate the loaded crane and 
also the empty crane as rapidly as desired or needed, 
without exceeding the commutating limits of the motor. 
The rate of acceleration of empty crane will never need 
to exceed three feet per second per second; and of a 
loaded crane two feet per second per second. 
Let F = torque in lb. at one foot radius at motor 

shaft corresponding to horse power in (23). 

Then 
C 

c + w X F = torque at motor shaft to 

propel empty crane. 
Let A = maximum torque which motor is recom

mended (by manufacturer) to exert during 
starting. Commutation and strength will 
be the limitations rather than heating. 

Rate of acceleration in feet per second per second 
which the empty crane can attain without torque 
exceeding A 

(24) 

loaded crane (load being rigid) can attain without 
torque exceeding A 

A-F 
(25) = 32.2 

C + W +2TTNM 
2 t t N e 

It is interesting to note that when the load is hung 
from the crane by a flexible rope, the motor does not 
have to start the load as soon as the crane starts. This 
relieves the motor somewhat. At the first instant of 
starting, the motor has to overcome rolling friction of 
total weight of crane and load, and it has to accelerate 
the crane and armature. As the crane moves away 
from the load, the load begins to accelerate at a rate 
far below that of the crane and finally when the crane 
has moved far enough away from the load, the load is 
accelerated as rapidly as the crane. 

Rate of acceleration in feet per second per second 
which loaded crane attains at instant crane starts to 
move (before suspended load begins to move), without 
torque exceeding A 

A-F 
= 32.2 (26) 

+2TTNM 
2irNe 

Rate of acceleration in feet per second per second which 

There are four things which tend to limit the rate 
of acceleration of a bridge motor: 

1. Automatic magnetic control can absolutely limit 
it. 

2. Slipping of wheels can practically limit it. 
3. Swinging of load can limit it in some cases. 
4. Comfort of operator may limit it. 
When automatic magnetic control is used, the 

current-limit devices may be set to a value of current 
just sufficient to start the crane under the severest 
working conditions, and if the current is within the 
working limits of the motor no trouble need be expected 
on the crane. Of course, trouble can arise if the con
troller fails to function properly or if the operator 
"speeds up" the crane by setting the relays for higher 
current. To safeguard against this last difficulty, it 
is, of course, necessary to select a motor large enough 
to make all the speed actually needed. An average 
acceleration of something like 1 to 1 ^ ft. per sec. per 
sec. will be fast enough for cranes which travel at less 
than 500 ft. per min. or make infrequent starts. Cranes 
which make regular frequent trips of 50 or 60 ft. every 
minute or so may need an average acceleration of 2 to 
2i/2 ft. per second per second. Cranes which do 
"stunts" with swinging loads like some bucket cranes, 
which swing a bucket into a hopper, or hot metal 
ladle cranes, may need even 3 feet per second per second 
peak acceleration. 

When a motor is powerful enough to slip the wheels 
under full load without exceeding the working limits 

C 

= 32.2 ^ 
+2TT.NM 

2 TTN e 
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of the motor, it is out of danger. A simple calculation1 

shows that if one-fourth of the wheels are driven and 
if these wheels carry one-fourth of the total weight, 
an acceleration peak of 2 ft. per second per second will 
just about slip the wheels. Of course, the average 
acceleration will be less than the peak and will depend 
on the number of controller steps.2 If one-half the 
wheels are driven, the rates of acceleration could be 
double the above values. Of course, it is possible for 
a vicious operator to turn his controller on so rapidly 
after the wheels slip, that the power required to spin 
the wheels and accelerate the armature will exceed the 
motor limits; but this is hardly to be expected. Where 
it is possible for a crane to do its work with only one-
fourth of the wheels driven, this drive makes a very 
practical way of protecting the motor, but where one-
half of the wheels must be driven, the motor is not so 
protected from overload. 

Cranes are frequently used for dragging cars and 
consequently the bridge motors must be large enough to 
do extra work, when so used. This problem would be 
something like an electric locomotive problem and will 
not be discussed in this paper. 

Usually when an enclosed crane bridge motor is 
properly chosen so far as torque and strength are con
cerned, it is big enough so far as heating is concerned; 
but this is not necessarily true on rapid-duty cranes. 
If the crane is running with power on the motor, more 
than 35 seconds in 100 seconds continuously for 5 hours 
at a time, heating is liable to be a limitation and the 
motor manufacturer should be consulted or past experi
ence with similar work should be used. 

Selection of Trolley-Motion, Direct-Current Motors. 
The type of motor should be the same as for 
hoist and bridge motions and since this motor is 
"plugged" (or reversed by power when running at 
high speed frequently) its commutation must be good 
at double speed and 150 per cent current. Its commu
tator and windings must be insulated for at least 
double normal voltage. 

Calculation of Power for Trolley Motors. 
Let B = weight of trolley carriage less load (27) 

V = free running speed in feet per minute when 
fully loaded trolley is completely accel-
erated (28) 

1. Assume a coefficient of friction between the wheels and 
the rail of 25 per cent. Then the available draw-bar pull from 
one-fourth of the wheels will be 25 /4 or 6.25 per cent of the weight 
of the crane. Gravity (or the total weight of the crane) will 
accelerate the crane at 32.2 ft. per second per second—there
fore 6.25 per cent will accelerate it at 0.625 X 32.2 or 2 ft. per 
second per second. This calculation omits some niceties about 
rolling friction but they are relatively unimportant. 

2. Three blocks of accelerating resistors produce an average 
of approximately 72.5 per cent of the peak rate of acceleration; 
four blocks 78.5 per cent; six blocks 85 per cent; nine blocks 89 
per cent; and thirteen blocks 92.5 per cent. 

Horse power to propel loaded trolley 

B + W 
V XDX 2000 

33,000 X e (29) 

Choose a motor whose 30-minute rating is not less 
than horse power in (29) 

SELECTION OF ALTERNATING-CURRENT POLYPHASE 

HOIST MOTORS 

For the usual factory crane an open-type motor 
should be used. 

Where metal dust cinders, furnace fires, acid alkali 
and such unusual conditions are present, motors should 
be specially insulated and, in some cases, enclosed. 

For cement plants the bearings should be enclosed. 
It has seemed desirable to enclose also the collector 
rings but there is a considerable physical difficulty in 
enclosing collector rings on a motor which is equipped 
with a solenoid brake at one end and gearings at the 
other end. These difficulties, together with the in
accessibility of enclosed collector rings, have made 
it a better practical proposition to use open collector 
rings. It is necessary to clean out the brushes fre
quently in order to prevent them from sticking. 

The slip-ring wound-rotor induction motors are 
generally used where reduced-speed operation is needed. 
The single-speed squirrel-cage :rotor type of motor, 
with high-resistance rotor windings, is best suited to 
cranes which handle rough material where no reduced-
speed operation is required and where size does not 
exceed 25 horse power. Under this class would come 
ice hoists, lumber cranes at not over 50 or 75 ft. per 
minute, cranes for boxed or baled goods at not over 100 
feet per minute, machine shop cranes at not over 15 or 
20 feet per minute. The multi-speed motor with 
squirrel-cage rotor offers many possibilities where re
duced-speed operation is required, such as foundry 
hoists; but this type has not been generally exploited 
commercially. 

There are two important differences between the 
alternating-current and the direct-current, series-wound 
motor: (1) Power supply voltage and frequency must 
be maintained fairly uniform for the alternating-current 
motor because its maximum starting torque varies as 
the square of the voltage impressed, and inversely 
as the square of the frequency. Voltage has, in practise, 
no effect on the maximum starting torque of a direct-
current series-wound motor because starting torque is a 
function of current only and even if voltage is abnor
mally low the controller can be manipulated to give 
maximum current. It is therefore, necessary to choose 
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a motor whose maximum-minimum3 starting torque is, 
at least, twice and for squirrel-cage motors 2.5 or 3 
times the torque required for hoisting the maximum 
load. Consider, for example, a crane where power 
supply voltage is 90 per cent of rated motor voltage 
and where static friction is such as to add 25 per cent 
to hoisting torque at the instant of starting. Then if 
motor could exert 200 per cent normal torque at start
ing under normal voltage, it could exert 162 per cent 
of normal torque under 90 per cent voltage; and it 
would be called on to exert 125 per cent of normal torque. 
The difference between 125 per cent and 162 per cent 
represents the margin, and it is none too great. This 
margin is not sufficient for squirrel-cage motors be
cause if they stall they are almost sure to burn out the 
rotor. 

In order to make the same number of trips per day 
With an a-c crane as with a d-c. crane, it is frequently 
tikcessary to gear the a-c. crane for a higher full-load 
hoisting-hook speed than would be used with d -c , 
and this means that the rating of the a-c. motor must 
be relatively greater than that of the d-c. motor. To 
explain, let us assume that a round trip consists of 
hoisting full load 20 feet, lowering it 20 feet, hoisting an 
empty hook 20 feet and lowering it 20 feet. If a d-c. 
motor were used and geared for 40 feet per minute 
full-load hoisting speed, it would hoist in 30 seconds, 
lower (where lowering speed is 190 per cent hoisting 
speed) in 16 seconds, hoist in about 15.5 seconds (where 
20 per cent hoisting torque corresponds to 195 per cent 
speed), lower in 20.5 seconds, making a total of 82 
seconds. An a-c. motor would have to be geared to 

/ 8 2 \ 

hoist full load in about 20.5 / = —— j seconds in order 

to keep up with the d-c. motor because the a-c. motor 
can never run above its synchronous speed. This 
means that the a-c. motor would have to be 

30 
2^ g ( = 1.46) times as large as the d-c motor for 

the particular case illustrated. This ratio does not 
come as high as 1.46 for ordinary practical cases where 
there is a good deal of creeping speed work in the 
typical round trip of the crane hoist. However, in 
order to meet the requirements of an occasional ex-

3. Maximum-minimum starting 'torque is a term which 
applies to slip-ring type, wound-rotor induction motors. With the 
external resistance which is connected to the rotor adjusted for 
obtaining the maximum starting torque, the currents are so 
high as to set up a magnetic distortion between the poles of 
the stator and of the rotor. At some positions of the rotor, 
this distortion causes the torque to increase and at other posi
tions to decrease. Maximum-maximum starting torque means 
the torque when rotor is in most favorable position; Maximum-
minimum, the most unfavorable. 

tremely high load, an induction motor may have to 
be considerably larger than a d-c. motor because a 
d-c. motor can exert more overload torque. 

Use of Permanent Resistance in the Rotor Winding of 
Slip-Ring Motors. When manual control is used and 
service is severe and abusive, a permanent block of 
resistance should be wired in series with the slip rings 
of the motor and should be of such value that the slip 
at full-load torque on the motor will be about 15 per 
cent after the controller has been turned to the "full on" 
position. To accomplish this, the permanent resistance 
should contain about 10 per cent as many ohms as are 
required to give 100 per cent slip (or standstill) with 
full-load torque on the motor. This sounds like wasting 
power but power is only one of the small considerations 
in the operation of the crane. The following tabulation 
of performance values on a certain typical motor shows 
the advantage of permanent resistance: 

Heating when 
motor is stalled, 
expressed in per 

Max. stalling* Stalling amps. Per cent slip when cent of the heating 
torque in per cent in per cent of motor is delivering when full-load 
of full-load torque full load full-load torque current is flowing 

175 484 5 2340 
265 419 10 1750 
290 360 15 1300 
286 311 20 960 
272 278 25 775 
255 250 30 625 
236 229 35 522 
220 208 40 434 

•These are maximum-maximum values; not maximum-minimum values. 

Operators seem to make a practise of turning these 
manual controllers on as fast as possible and it is best 
to plan that the controller will be full on before the 
motor starts. The above table shows that the most 
starting torque can be obtained when a resistor is 
set for 15 per cent slip and that there is a big saving 
in motor heating at this resistor setting. A careful 
study of practical operation from all angles will show 
that with this resistor setting more can be gotten out 
of the motor than with any other setting, and at less 
expense in the way of motor and control trouble. 

When magnetic control is used, no permanent resis
tance is necessary because current-limit relays prevent 
all of the resistance from being short-circuited while 
the motor is at standstill. 

When permanent rotor resistance is used, it is not 
necessary, in comparing an a-c. motor with a d-c. 
series motor, to make the full-load hoisting speed for 
alternating current as much higher than for direct 
current as was indicated in a foregoing paragraph. In 
the example used, the full-load lowering speed will be 
enough above synchronous speed to average up the 
lower full-load hoisting speed; and, consequently the 
full-load hoisting speed need be only 129 per cent above 
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full-load d-c. hoisting speed in order to make the round 
trip in 82 seconds. 

Calculation of Power for Alternating-Current Crane 
Hoist Motors. Calculate the hoisting horse power as 
per equation (1) and choose a motor whose 30-minute 
rating is equal to or greater than this value. Where 
the motor is to be started frequently, calculate starting 
horse power to start from equation (13), choose a motor 
such that horse power from (1) plus horse power from 
(13) does not exceed 150 per cent of the 30-minute 
rating. 

Sometimes, on very rough service, it is advantageous 
to connect a permanent resistor in the rotor circuit of 
such value that speed under full load is about 85 per 
cent of the synchronous speed. When this is done 
the motor rating is reduced about 10 per cent and, there
fore, select the motor so that its 30-minute rating is 
110 per cent of the horse power in equation (1). Also 
it is, of course, necessary to gear the motor so that when 
running at 85 per cent of synchronous speed, the load 
will be hoisted at rated crane hook speed. 

Heating is not usually a limiting feature on open 
motors when motors are selected as above described 
except on bucket or similar cranes. When enclosed 

motors are to be used, or buckets are to be handled, the 
duty should be referred to the manufacturer for selec
tion of the motor. 

Selection of Alternating-Current Bridge-Motion Motors. 
Wound-rotor motors with slip rings are best suited 
to this work. 

Motors should be open, enclosed or specially insu
lated to correspond with hoist motor. 

Permanent rotor resistance is generally advantageous. 
Calculation of Power for A-C. Bridge-Motion Motors. 

Try a motor such that the horse power to propel, in 
equation (23) does not exceed 75 per cent of the 30-
minute rating. The maximum instantaneous torque 
during starting should not exceed 200 per cent of the 
full-load rated torque of the motor. Refer to equations 
(24), (25) and (26); substitute for A a value of torque 
in pounds at one foot radius which is not over twice 
full-load rated torque. Then see that a satisfactory 
rate of acceleration can be attained, cut and try until 
a suitable size of motor is obtained. On some high
speed cranes, horse power in equation (23) may have 
to be as low as 30 per cent of the 30-minute rating of 
the motor in order to obtain satisfactory acceleration 
without overloading the motor. 

T A B L E I 

A K E Y TO ASSIST I N T H E SELECTION OF E L E C T R I C A L E Q U I P M E N T FOR C R A N E S 

Electrical 
Equipment for 
Cranes 

Motors 

Enclosed or Open, Insulation, 
Mechanical Strength and 

Staunchness 
Rating 
Accessibility for Repairs 

A - C . 

Control 
Equipment 

Controller 

Drum 

Magnetic 

D-C. 

Straight 
Reversible 

Dynamic 
Braking 

Straight 
Reversible 

Dynamic 
Braking 

Rheostat 

Brakes 

Heating 
Starting Torque 
Plugging 
Creeping Speed 

" Series or Shunt Wound 
Torque Requirements 
Staunchness 
Wearing Qualities 

Wound Rotor or 
Squirrel Cage 1-speed or 2-speed 

Voltage 
•j Frequency 

No. of Phases [ 15 minute 
Heating Basis -j 30 minute 
Max. Torque [ 60 minute 

Max. Torque 
Series or Com

pound Wound 
Voltage 

[ Heating Basis 
15 minute 
30 minute 
60 minute 

No. of points 
Type of handle 

No. of hand control 
points 

No. of automatic control 
points 

Plugging f Hand controlled 
point \ Automatic 

Creeping speed point 
Space requirements 
Type of handle onfmaster 

disk 
shoe 
band 
coasting distance 

pump 
vertical 
horizontal 
remote lever 
rope-wheel 

{spring-return 

Protective 
Equipment 

Overload 
No-voltage 
Emergency Conditions 
Lock-out on Line Switch 
Individual Motor Switches 
Overwind Protection J geared 

\ hook-operated 
j relay 
\ main circuit 

reset 
non-reset 

/ inherent 
\ extra-wire 
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Selection of Alternating-Current Trolley Motors. Use 
the same type of slip-ring motor as on hoist and bridge. 

Choose a motor such that the horse power in equation 
(29) does not exceed the 30-minute rating of the motor. 

On certain small trolleys which do not exceed 250 ft. 
per minute speed nor 5 h. p., it is possible to use a 
simple squirrel-cage motor with high-resistance rotor. 
Such a motor must have a starting torque at least twice 
the torque required to propel the maximum load as 
per equation (29). 

Starting torque in pounds at one foot radius must 
at least = 

(horse power in (29)) X (full load r. p. m.) 
2 X 5^50 

Special heating requirement must be met and special 
control precautions taken. 

SUPERPOWER SYSTEM FOR JAPAN 
Developments in Japan within recent months indi

cate the future possibility of a superpower system to 
furnish electricity over the large area between Tokyo 
and Osaka. It is stated in a paper by Mr. C. A. Powel, 
of the Westinghouse Electric and Mfg. Co., that 
the completion of the contemplated program will 
give this Far Eastern nation one of the largest, if not 
the largest, superpower systems in the world. 

The principal industries in Japan are situated along 
the south coast of the Island of Nippon, around Tokyo, 
Osaka and Nagoya. The rough and somewhat sparsely 
populated provinces of Shinana and Mino are par
ticularly rich in water power, which is capable of 
development at such a cost as to make transmission 
to both Osaka and Tokyo an economical proposition. 
The rivers in this district have already been utilized 
for power purposes to a certain extent, but it is planned 
to obtain from them within the next few years an addi
tional half million kilowatts. 

The prevailing frequency in the Tokyo district 
is 50 cycles and in the Osaka district 60 cycles, so that 
an interchange of power is at the present time not 
possible, but the power companies serving the two 
territories will undoubtedly find it to their advantage 
to arrange for some interchange of power and in the 
most recent stations the generators, transformers and 
switchgear are being ordered for service at both 
60 and 50 cycles. 

This superpower scheme when realized will cover 
practically the whole of central Japan. At present 
this territory is served by five companies, all of which 
are taking part in a development of water power re
sources which is probably without precedent in the 
history of engineering. From January 1920 to June 
1921, Japan ordered abroad hydroelectric machinery 
totaling 260,000 h. p . and in the same period manu
factured at home 150,000 h. p. of such machinery. 

The*capacity of the plants recently completed totals 
129,500 kv-a., plants building and nearing completion 
aggregate 273,900 kv-a., and plants to be built in the 

near future will have a capacity of 327,950 kv-a. These 
figures include the building programs up to the year 
1926. A proposal has been made, and is said to find 
favor with the present Minister of Communication, 
to amalgamate all these companies. If this can be 
brought about, Japan will undoubtedly have the largest 
power supply concern under one management in the 
world. 

It is interesting to note that this tendency to amal
gamate is found not only in Central Japan but also in 
Hokkaido (the northern island) where the Fuji Elec
tric Company has absorbed the five other companies 
serving the island, and in Kyushu (the southern island) 
where an amalgamation of all the companies, large 
and small, is on the point of realization. 

ELECTRIC SERVICE IN MADRID 
Among Spanish residents there is increasing criti

cism of the present service for electric light and 
electric current in the city of Madrid. To foreigners 
the light seems weak, especially during the peak hours; 
and often in the late afternoon electric elevators fail 
to function. This has become so serious of recent 
years as to affect the rents obtainable for upper stories 
of residential and office buildings. 

As there are few hydraulic or steam elevators in 
Madrid, the electric current is a matter of considerable 
importance to both landlords and tenants, there being 
about 300,000 persons living in flats in Madrid. 

INCREASED USE OF ELECTRIC CURRENT 

Madrid has found many new uses for electricity, 
such as in heating and cooking; the municipality has 
imposed an obligation on landlords to install a light 
at the entrance of each building; the increased cost of 
gas has naturally turned many persons toward the use 
of electricity; industrial progress and extension have 
also increased its consumption. The progress of the 
people themselves demands an increasing amount of 
electricity, since many classes who formerly did with
out now use it as a matter of course. The working 
of all these causes has in the last two years brought 
about an excessive increase in consumption of electric 
current, so that today the number of subscribers in 
each of the seven companies exceeds the total number 
existing in Madrid two years ago, and practically each 
subscriber consumes more electricity than he did then. 

With the present lack of electric current, a real prob
lem must soon be faced when the 1000 buildings now 
under construction and those planned for imminent 
erection are finished and added to the consumers of 
electricity, unless new electrical projects are promptly 
negotiated. 

There is, therefore, a considerable agitation for in
creasing sources of supply. Along with it there is 
propaganda for popularizing the schemes already un
der construction, which represent estimated produc
tion of 600,000,000 kilowatts per hour.—Commerce 
Reports. 


